Leptospirosis is still one of the most important health problems in developing countries located in humid tropical and subtropical regions. Human infections are generally caused by exposure to water, soil or food contaminated with the urine of infected wild and domestic animals such as rodents and dogs. The clinical course of leptospirosis is variable and may be difficult to distinguish from many other infectious diseases. The dark-field microscopy (DFM), serology and nucleic acid amplification techniques are used to diagnose leptospirosis, however, a distinctive standard reference method is still lacking. Therefore, in this study, we aimed to determine the presence of Leptospira spp., to differentiate the pathogenic L. interrogans and the non-pathogenic L. biflexa, and also to determine the sensitivity and specificity values of molecular methods as an alternative to conventional ones. A total of 133 serum samples, from 47 humans and 86 cattle were evaluated by two conventional tests: the Microagglutination Test (MAT) and the DFM, as well as three molecular methods, the 16S rRNA-PCR followed by Restriction Fragment Lenght Polymorphism (RFLP) of the amplification products 16S rRNA-PCR-RFLP, LipL32-PCR and OmpL1-PCR. In this study, for L. interrogans, the specificity and sensitivity rates of the 16S rRNA-PCR and the LipL32-PCR were considered similar (100% versus 98.25% and 100% versus 98.68%, respectively). The OmpL1-PCR was able to classify L. interrogans into two intergroups, but this PCR was less sensitive (87.01%) than the other two PCR methods. The 16S rRNA-PCR-RFLP could detect L. biflexa DNA, but LipL32-PCR and OmpL1-PCR could not. The 16S rRNA-PCR-RFLP provided an early and accurate diagnosis and was able to distinguish pathogenic and non-pathogenic Leptospira species, hence it may be used as an alternative method to the conventional gold standard techniques for the rapid disgnosis of leptospirosis.
INTRODUCTION
Leptospirosis is a zoonotic infection caused by spirochetes of the Leptospira genus that are usually transmitted through direct contact via injured skin or the mucosal membrane 1 . Infection may be asymptomatic, or cause symptoms that can vary from a mild flu-like illness to a severe form called Weil's disease in which patients present with jaundice and acute kidney injury 2 . Severe forms of leptospirosis can have pulmonary hemorrhage and cardiac impairment. The estimated number of leptospirosis cases is difficult and virtually overlooked due to missed or delayed diagnosis 3 . Thus, microbiological examination of clinical samples such as urine, blood and cerebrospinal fluid is important for rapid diagnosis and treatment. Dark-field microscopy (DFM), Microagglutination Test (MAT) and Polymerase Chain Reaction (PCR) are commonly used for the diagnosis of leptospirosis 4 .
Although conventional methods are usually preferred in diagnosis, their advantages and disadvantages should be evaluated. Culture methods have high specificity, and culture methods coupled to MAT have been chosen as reference tests for diagnosis, but their sensitivities are low and, in the case of culture methods, it may take up to eight weeks to a final result, with weekly inspections and examinations 5, 6 . Direct dark field microscopy provides rapid diagnosis of leptospirosis, but it requires experienced staff because fibrin or protein threads which may show Brownian motion may lead to misinterpretation 1 . MAT is evaluated as a reference method for diagnosis in various studies. However, MAT is based on the use of live Leptospira, and it is generally performed by reference laboratories 1, 7 . The Enzyme-linked Immunosorbent Assay (ELISA) is cheaper and easier to use, but sensitivities range from 28 to 72% during the acutephase of illness. On the other hand, the sensitivity of these assays may be less than 25% in patients during the first week of critical illness 8 . However, in some studies, IgM-ELISA has been used as the reference method 7 .
Recently, ELISA, Dual Path Platform and dipstick methods that are able to detect IgM anti-leptospira have been developed 8, 9, 10, 11 . These methods are rapid, inexpensive and portable. Early diagnosis of leptospirosis is critical for the initiation of appropriate treatment; however, the available reference serological test cannot detect antibodies until nearly a week after the onset of symptoms. Although these portable assays have high sensitivities and specificities, they should be confirmed by other diagnostic test such as MAT, culture or PCR-based assays 12, 13 .
PCR-based assays require well-equipped laboratories with experienced staff and as they present high costs, these methods are inappropriate for routine use in public hospitals and laboratories in developing countries. PCR methods provide rapid results in contrast to the time consuming culture and MAT 13, 14 . They are also used as confirmatory tests due to their higher sensitivities and specificities in the diagnosis of leptospirosis 15 . PCR-based tests have focused on both, the universal 16S rRNA and some surface proteins such as OmpL1, LipL32, LipL36 and LipL41 14, 16, 17 .
The 16S rRNA-PCR is a well-established PCR method targeting the 16S ribosomal RNA subunit. It is useful for the direct diagnosis of leptospirosis, is highly sensitive and specific, and able to detect approximately 10 genome equivalents (GE)/mL of whole blood, identifying L. interrogans and L. biflexa serovars. These serovars are distinguished by DNA sequencing or Restriction Fragment Length Polymorphism (RFLP) of the PCR product 14, 17, 18 . LipL32-PCR targeting the LipL32 surface protein gene region is only able to amplify L. interrogans. This method detects 100 leptospira/mL of plasma, serum or whole blood, and 0.7 genome equivalents (GE)/reaction of paraffin-embedded tissues 19, 20, 21 . The OmpL1-PCR targeting the OmpL1 outer membrane protein can amplify and distinguish seven groups of L. interrogans (Intergroup A, Intergroup B, Borgpeter, Kirschner, Santarosai, Noguchii and Weilii) by using species-specific PCR primer sets 22 .
In this study, we have determined the presence of Leptospira spp., distinguished L. interrogans and L. biflexa and measured the sensitivity and specificity of 16S rRNA-PCR-RFLP, OmpL1-PCR and LipL32-PCR as alternatives to the conventional methods.
MATERIAL AND METHODS

Sample collection
One hundred and thirty-three serum samples were obtained from 47 humans and 86 cattle. Human serum samples were collected from patients who attended the Cukurova University Hospital and the Adana State Hospital presenting with leptospirosis symptoms characterized by fever, jaundice, hepatosplenomegaly, hematuria and kidney failure. Serum samples were collected from cattle with anorexia, fever, jaundice, and hematuria in industrial dairy farms of the Adana province. From all of the subjects, 5 mL of blood were collected aseptically and distributed into two sterile tubes, one dry and the other containing 500 µL of sodium oxalate at pH 8.0. The blood in the dry tube was used to perform the MAT. The tube containing sodium oxalate solution was centrifuged at 3,000 x g for 5 min and 20 µL of the supernatant were used for the dark field microscopy. The remaining serum was stored at -20 °C for the PCR tests.
Dark field microscopy (DFM)
For DFM, 20 µL of the supernatant were transferred into a new, clean slide and a cover slip was placed over it. The preparation was examined under a dark field microscope (Carl Zeiss, Germany). The remaining supernatant was then spun at 4,000 x g for 20 min and a wet sample was prepared with a drop of the sediment for the examination under the dark field microscope. The sample was reported negative if no spirochetes were observed after screening approximately 100 fields in each preparation 23 . Spirochetes determined by dark field microscopy were identified and distinguished as serovars by the MAT test.
Microagglutination Test (MAT)
Serial two-fold dilutions of the sera (1: 15, 24 .
PCR detection
For the PCR assays, genomic DNA was extracted from the 133 serum samples by using the QIAGEN DNeasy Blood & Tissue kit (QIAGEN Inc., Hilden, Germany), according to the manufacturer's instructions. The DNA concentration was estimated in a spectrophotometer (PG instrument Ltd, Lutterworth, England).
Amplification of the 16S rRNA gene region
Nested PCR assays were performed to amplify the 16S rRNA subunit as previously described 14 , yielding a 525 bp PCR product after the first round of amplification. The first round p r i m e r s w e r e 5 ' -G G C G G C G C G T C T TA A AC AT G -3 ' a n d 5 ' -G T C C G C C TA C G C A C C C T T TA C G -3 . T h e s e c o n d round of amplification was carried out using 1 µL of the first PCR product as the template for the second round, and t h e p r i m e r s 5 ' -C A AG T C A AG C G G AG TAG C A A -3 ' a n d 5'-TAACCTGCTGCCTCCCG TA-3'. The second amplification product was 289 bp. Amplification products were subjected to horizontal electrophoresis on 1.2% agarose gels. Amplification products were digested with the ApoI enzyme resulting in a DNA pattern that could distinguish L. biflexa and L. interrrogans.
Amplification of the OmpL1 gene region
T h e O m p L 1 -P C R w a s p e r f o r m e d w i t h t w o p a i r of primers to determine different serotypes of L. interrogans. The intergroup A primers (5'-CTACTGGCGGCTTGATC A AC -3 ' a n d 5 ' -C T G G AT C T G T T C C G T C T G C G AT C -3 ' ) were used to obtain 396 bp PCR products. The intergroup B primers (5'-CTTGATAGAACCACTGGTGGTGCC-3' and 5'-TGGATCGGTTCCAT CTGCTCAG-3') were used to obtain 406 bp products, as previously described 22 . Amplification products were subjected to horizontal electrophoresis on 1.2% agarose gels.
Amplification of the LipL32 gene region
Nested LipL32-PCR is able to amplify only the L. interrogans group according to a previously described protocol 16, 25 . The primers used for first amplification were 5'-CTAAGTTCATACCGTGATTT-3' and 5'-TCTGACGCGACTA AGTAAT-3' yielding a 859 bp product. The second round of amplification was carried out using 1 µL of the first PCR product as the template, and the primers 5'-GACGGTTTAGTCGATGGAAA C-3' and 5'-GGGAAAACAGACCAACAGA-3'. Amplification products were subjected to horizontal electrophoresis on 1.2% agarose gels.
Statistical analysis
The results were evaluated and the sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV) and 95% Confidence Interval (CI) were calculated. Seventy seven samples were found to contain L. interrogans as they were positive by LipL32-PCR, and all of them yielded the 497 bp product.
RESULTS
Different
The OmpL1-PCR has found positive results in 67 serum samples. Intergroup A (396 bp) and Intergroup B (406 bp) specific fragments were found in 14 serum samples from humans and 53 serum samples from cattle, respectively (Fig. 1, Table 2 ).
Molecular and conventional methods were evaluated regarding the sensitivity, specificity, positive and negative predictive values, using a 95% CI. The parameters were calculated based on 16S rRNA-PCR results for L. interrogans (Table 3) .
DISCUSSION
In the present study, MAT, DFM and three PCR methods (16S rRNA-PCR-RFLP; LipL32-PCR and OmpL1-PCR) were performed for the diagnosis of leptospirosis. PCR assays have higher specificities and sensitivities, and they can be acomplished more rapidly, are simpler and more reliable in diagnosing leptospirosis, offering several advantages in comparison with the conventional diagnostic methods 26, 27, 28 .
According to the Leptospirosis Burden Epidemiology Reference Group Criteria, a positive MAT is defined as a MAT titer ≥ 1:400 in human and cattle serum samples 15, 24 . MAT sensitivity and specificity were found to be 82.43% and 94.92%, respectively (Table 3) . Other studies have demonstrated that the sensitivity is in the range of 86.9% to 96.2% 29, 30, 31, 32 . Thus, our findings remain slightly below other reported data. Furthermore, in Turkey, there is only one reference laboratory (Etlik Spirochetes Disease Diagnostic Laboratory) that performs MAT and culture tests on both, animals and human samples.
The DFM method was used to evaluate human and cattle serum samples. Detection by DFM had a sensitivity of 27.27% in this study (Table 3) , which is consistent with previous reports 33 . However, there are studies in which the sensitivity of DFM varied from 61% to 93.3% 23, 34 . Therefore, the discrepancy between our findings and those of previous studies may be explained by the fact that, in this study, serum samples were obtained during different stages of the disease.
A comparison between MAT and DFM has shown that the sensitivity of MAT was higher than the one found for DFM 35 . The DFM assay has a low sensitivity because approximately 10 4 leptospires/mL of blood are necessary in each of the cells per field to be visible 36 . 
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Three PCR-based methods have been used for the diagnosis of L. interrogans. The 16S rRNA-PCR-RFLP, is known to have high sensitivity and specificity, and is considered as an alternative approach to the conventional gold standard diagnostic methods. In the present study, the 16S rRNA-PCR-RFLP has identified all of the positive samples (100% of sensitivity, Table 3 ), which were also positive by at least one of the other conventional and molecular diagnostic methods.
The sensitivity of the 16S rRNA-PCR assay was 100%, and the specificity was 100% (Table 3) . The sensitivity and specificity of the LipL32-PCR were 98.68% and 98.25%, respectively (Table 3) . It has been reported that 16S rRNA and LipL32 genes were specific for L. interrogans. Thus, PCR assays targeting the 16S rRNA subunit and LipL32 genes have been used to detect L. interrogans 14, 16, 17, 37, 38 . The OmpL1-PCR can detect and differentiate among seven Leptospira species representing the majority of the currently known pathogenic strains 23 . The OmpL1-PCR was less sensitive in this study (sensitivity of 87.01%, Table 3 ) than the other PCR methods.
In this study, 16S rRNA-PCR-RFLP and MAT were used to detect non-pathogenic strains. Albeit L. biflexa has been isolated from mammalian hosts on occasion, no pathological effects have been detected so far. Nevertheless, it remains a major cause of misdiagnosis. In DFM, 39 . Therefore, the elimination of misdiagnosis can be provided by using the 16S rRNA-PCR-RFLP.
We evaluated both human and cattle samples with respect to sensitivity and specificity of 16S rRNA-PCR-RFLP (100% and 100%, respectively), LipL32-PCR (98.68% and 98.25%, respectively) and OmpL1-PCR (87.01% and 100%, respectively). This strategy was chosen because a method to be used as an alternative to the conventional gold standard ones in future studies should be able to evaluate samples from different species.
The sensitivity and specificity values for both human and cattle samples have been compared using 16S rRNA-PCR-RFLP, LipL32-PCR and OmpL1-PCR. The sensitivity and specificity of the 16S rRNA-PCR-RFLP were (100% and 100%) and (100% and 100%) for cattle and human samples, respectively. Furthermore, the sensitivity and specificity of the LipL32-PCR were (100% and 96.3%), (100% and 51.85%); and for the OmpL1-PCR were (97.2% and 100%), and (91.67% and 100%) for cattle and human samples, respectively. While the sensitivity of 16S rRNA-PCR and LipL32-PCR were quite high and similar (100% in both cases), the specificity of LipL32-PCR was very low in serum samples (51.85%). Regarding the OmpL1-PCR, the sensitivity of 91.67% for human samples was lower than the 100% of the 16S rRNA-PCR, though the specificity has been 100% for both, cattle and human samples.
In conclusion, the 16S rRNA-PCR-RFLP has provided early and rapid diagnosis of pathogenic and non-pathogenic Leptospira species in blood samples. Thus, we recommend that the 16S rRNA-PCR-RFLP should be used rather than the two conventional tests (MAT and DFM) and the other two molecular methods (LipL32-PCR and OmpL1-PCR). The 16S rRNA-PCR-RFLP may be used as an alternative assay to the conventional gold standard diagnostic methods for the rapid and reliable identification of Leptospira spp.
